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MULTI-CHANNEL TRANSCEIVER USING A 
SINGLE HIGH-STABILITY ELEMENT 

BACKGROUND OF THE INVENTION 

This invention relates to radio transceivers. In partic 
ular, it relates to a method and means of using a single 
high-stability frequency source to control transmission 
and to control a local oscillator upon receiving. 
Most two-way radio communication is carried out 

using transceivers that transmit in one band of frequen~ 
cies and receive in a different band of frequencies. An 
associated pair of frequency bands is often referred to as 
a channel. Thus, when a transceiver is operating in a 
particular channel, it must generate at least one fre 
quency to transmit and at least one frequency with 
which to mix a received signal to produce a ?xed inter 
mediate frequency. The frequencies of transmission and 
reception may be the same but are usually different. As 
broadcast frequencies reach higher and higher bands, 
the need for stable oscillators increases the cost of trans 
ceivers, since the cost of oscillators increases rapidly as 
the allowable frequency deviation in parts per million is 
reduced. Since the stability of oscillators is a major 
factor in controlling interference between adjacent 
channels on transmitting and in maintaining selectivity 
on receiving, it has often been necessary in transceivers 
designed for VHF and higher frequencies, in the range 
of 150 MHz and above, to have two or more high-stabil 
ity oscillators in a transceiver. This is a costly require 
ment. The use of a single high-stability oscillator would 
make it possible to produce a UHF transceiver at a 
lower cost. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to achieve 
adequate frequency control for a transceiver with a 
single high-stability oscillator. 

It is a further object of the present invention to use a 
single high-stability oscillator as the controlling source 
for both a transmitter and a local oscillator for a re 
ceiver at VHF frequencies and above. 
Other objects, will become apparent in the course of a 

detailed description of the invention. 
A high-stability oscillator in a transceiver generates a 

modulated signal that is multiplied to a frequency near 
a desired transmitting and receiving frequency. The 
multiplied frequency is mixed with the output of an 
offset oscillator which has a frequency selected so that 
the sum or difference of the frequency of the offset 
oscillator and the high-stability oscillator is the desired 
transmission frequency, and the other of the sum or 
difference of these frequencies is an appropriate fre 
quency for a local oscillator of a receiver in the same 
channel. The offset oscillator needs signi?cantly lower 
frequency stability than the high-stability oscillator. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE is a functional block diagram of a 
circuit for the practice of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The FIGURE is a functional block diagram of a 
circuit for the practice of the present invention. While 
the FIGURE represents an FM transceiver, it should be 
understood that the invention works equally as well in 
broadcasting AM, single sideband, frequency-shift key 
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2 
ing, or any other broadcast system. In the FIGURE, an 
oscillator 10 is the principal source of frequencies used 
by the transceiver of the FIGURE. Oscillator 10 is a 
high-stability oscillator operating at a ?xed frequency. 
The output of oscillator 10 may be at a convenient 
frequency near the broadcast frequency or it may be 
lower than the desired range of frequencies to be broad 
cast and received. If oscillator 10 operates at a fre 
quency that is close to the desired frequencies of trans 
mitting and receiving, it could be connected directly to‘ 
offset mixer 12. The FIGURE is drawn under the more 
likely assumption that it will be desirable to multiply the 
frequency of oscillator 10 to higher values. That is ac 
complished in the FIGURE by connecting the output 
of oscillator 10 to a multiplier 16, a circuit that produces 
an appropriate harmonic of the output of oscillator 10. 
During transmission, this harmonic will contain modu 
lation which is applied by driving modulation controller 
11 with audio from microphone 14. Modulation con 
troller 11 may be an instantaneous deviation controller 
(IDC) or the like. A second input to offset mixer 12 is 
the output of offset oscillator 18. This is a low-stability 
crystal-controlled oscillator that has means for selecting 
a separate crystal assembly 20 for each transmit fre 
quency and for each receive frequency. Each crystal 
assembly 20 includes a crystal 23. In the alternative, it 
may be a low-cost synthesizer with a reference oscilla 
tor of relatively low stability, or a surface-acoustic 
wave (SAW) oscillator. PIN diodes 21 select particular 
crystal assemblies 20 under the control of logic unit 22 
in response to signals on push-to-talk (PTT) line 24 to 
indicate transmission, and in response to a channel se 
lector to provide a channel indication on line 26. The 
FIGURE indicates that two channels are available for 
use. These are designated “1” and “2”, with a receiving 
crystal assembly 20 and a transmitting crystal assembly 
20 for each frequency. This means that offset oscillator 
18 has a frequency that is determined by one of four 

- different crystals. It is clear that increasing the number 
of channels in the transceiver would be a matter of 
supplying more pairs of crystal assemblies and the ap 
propriate switching logic to select them. In the alterna 
tive, a synthesizer might be so switched. Whichever is 
used, some means of ?ne tuning such as warp coils 27 
will aid in the control of frequency. 

Offset mixer 12 is a mixer that generates the sum and 
difference of the input frequencies. It may be a double 
balanced mixer, which does this while cancelling the. 
input frequencies themselves. The sum and difference 
frequencies are taken to injection switch 28 which is 
controlled by PTT line 24. When it is desired to trans 
mit, a signal from PTT line 24 causes injection switch 28 
to pass signals from offset mixer 12 to transmit ?lter 30. 
This is a band-pass ?lter that selects only one of the two 
bands of frequencies generated in offset mixer 12. Typi 
cally this will be the sum of the input frequencies, but 
this is a matter of design choice; it might be the differ 
ence. PTT line 24 also provides a signal to enable modu 
lator 11 during transmission. The frequencies of the 
band that is selected by transmit ?lter 30 are taken to 
driver 32, where they are ampli?ed and taken to power 
ampli?er 34. The ampli?ed frequencies from power 
ampli?er 34 are coupled through antenna switch 36 to 
antenna 38. Antenna switch 36 is controlled by PTT 
line 24 to select the path from power ampli?er 34 to 
antenna 38 when the signal on PTT line 24 indicates 
that the user desires to transmit signals. 
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Both antenna switch 36 and injection switch 28 are 
switched oppositely in a receiving mode. In this case, a 
signal from offset mixer 12 is switched by injection 
switch 28 to injection ?lter 40 which selects the one of 
the two output bands of frequencies from offset mixer 
12 that was not selected by transmit ?lter 30. Typically, 
though not necessarily, this will be the lower of the two 
bands. The output of injection ?lter 40 serves as a local 
oscillator to be taken to ?rst mixer 42. There it is mixed 
with a signal that is received on antenna 38 and 
switched by antenna switch 36 to preselector 44, then to 
?rst mixer 42. The output of ?rst mixer 42 is an IF signal 
that is ampli?ed and processed conventionally. The 
reference to ?rst mixer 42 assumes that the receiver will 
have two or more intermediate frequencies and thus 
two or more stages of mixing to obtain these frequen 
cies. If circuit considerations make it convenient to, 
have a receiver with a single IF, then ?rst mixer 42 is 
the only such mixer. 
The crystals in crystal assembly 20 of the FIGURE 

will be seen in what follows to produce frequencies in 
the range of 10 to 28 MHZ. These can be relatively 
inexpensive crystals, operated in the fundamental mode, 
with tolerances of the order of 25 parts per million. The 
same tolerance is adequate in a crystal for a frequency 
synthesizer to supply the offset frequencies. In contrast, 
oscillator 10 must be a precision oscillator with a stabil 
ity of the order of 5 parts per million or better. This is 
typically obtained with a temperature-compensated 
third-overtone crystal 43, producing a signal some 
where in the frequency range of 42 to 70 MHz. A warp 
coil 45 serves to trim the output frequency of oscillator 
10. A crystal such as crystal 43 typically costs of the 
order of ten times that of one of the fundamental-fre 
quency crystals used in crystal assembly 20. It is, there 
fore, a distinct advantage to be able to use only one such 
expensive crystal and oscillator. For example, suppose a 
receiver at 450 MHz is required to have a stability of 5 
parts per million (ppm). This allows a variation of 2250 
Hz in either direction. The high-stability oscillator may 
provide a signal at 427 MHz within 4 ppm, a tolerance 
of 1708 Hz. This allows the offset oscillator to vary by 
(2250-1708) Hz or 542 Hz, which is 24.6 ppm at 22 
MHz. Thus, 76% of the stability requirement has been 
provided by the high-stability oscillator, and only 24% 
is provided by the offset oscillator. 
The various frequencies produced in the FIGURE 

are de?ned and related in Table 1. Each of the frequen 
cies de?ned in Table l is identi?ed at a test point in the 
FIGURE. The multiplication factor F is indicated as a 
function of multiplier 16 which may be a combination of 
a step-recovery diode with a ?lter to select a desired 
harmonic from among the many produced by the step 
recovery diode. In the alternative, multiplier 16 may be 
a doubler, a tripler, or a combination of doublers and 
triplers. Switching network 22 may be implemented 
with a set of PIN diodes 21 connected to the offset 
crystals 20. The PIN diodes 21 are biased through a 
PTT line 24 and a frequency line 26 to connect the 
desired offset crystal 20 to offset oscillator 18. PTT line 
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24 is controlled by PTT switch 25 and frequency line 26 . 
is controlled by frequency switch 29. . 
Table 1 also contains two sets of algebraic relations, 

labeled A and B. In both A and B the equation for the 
injection frequency INJ is indicated as having two pos 
sible algebraic signs. This is true because the injection 
may be above or below the desired receiving frequency. 
The negative sign produces low-side injection, the more 

65 

4 
usual choicenThe other equations in group A are based 
on the assumption that the upper sideband produced by 
offset mixer 12 is taken as the transmitting frequency 
and the lower sideband is taken as the injection fre 
quency. The reverse is true in equations B where the 
lower sideband from offset mixer is taken as the trans 
mitting frequency and the higher sideband is taken as 
the injection frequency. 

TABLE 1 

De?nitions and Relations of Frequencies and Factors in 
the Figure. 

F = multiplication factor for frequency of high-sta-v 
bility crystal in oscillator 10 

TX = transmitting frequency of power ampli?er 34 
RX = receiving frequency of preselector 44 
XTX = frequency of transmitting crystal in crystal 

assembly 20 
XRX = frequency of receiving crystal in crystal 

assembly 20 
INJ = injection frequency from injection ?lter 40 
IF = intermediate frequency or ?rst intermediate 

frequency from ?rst mixer 42 
INP = F X (frequency of high-stability crystal) from 

multiplier 16 
A. XTX .= TX -— INP B. XTX = TX + INP 

INJ = RXiIF INJ = RXiIF 

XRX = INP — INJ XRX = INP + INJ 

vSeveral sets of typical frequencies and multiplication 
factors for several frequencyranges are listed in Table 
2. All of the values in Table 2 were obtained using 
equations A of Table l with a negative sign in the equa 
tion for INJ. Table 2 indicates frequencies for three 
ranges. The ?rst, labeled A, is a set of VHF frequencies, 
of the order of 150 MHz. One example shows values for 
transmitting and receiving at the same frequency and a 
second shows transmitting and receiving frequencies 
offset by 1 MHz. Example B is in the UHF band, of the 
order of 450 MHz. In this band it may be desirable to 
transmit and receive at the same frequency or the offset 
between transmitting and receiving frequencies may be 
three or ?ve MHz. All three of these are illustrated with 
typical values in equations B. Equations C illustrate 
typical values in the SHF band, upwards of 800 MHz. 
In this band transmitting and receiving frequencies may 
be the same or they may be offset by 45 MHz. Both 
possibilities are illustrated. 

TABLE 2 
Typical Frequencies and Multiplication Factors in the 

Figure. All frequencies are in MHz. 

A. VHF: IF = 22, INP = 139, F = 3 
Oscillator 10 = 46.333 

TX RX XTX INJ XRX 
150 150 ll ‘ 128 11 
152 151‘ » 13 129 10 

B. UHF: IF = 45, INP = 427, F = 8 
Oscillator 10 = 53.375 

TX‘ RX XTX INJ XRX 
450 450 23 405 22 
451 449 24 404 23 
455 450 28 405 22 

C. SHF: IF = 50,1NP = 835, F = 16 
Oscillator 10 =_ 52.1875 

TX RX XTX INJ XRX 
860 860 25 810 25 
815 860 20 810 25 
820 865 15 815 20 

It can be seen by an inspection of the FIGURE that 
injection ?lter 40 must pass the frequencies INJ and 
stop the frequencies TX while the reverse is true of 
?lter 30. Algebraic manipulations of the de?nitions of l 
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Table 1 shows that for equations A the difference be 
tween frequencies TX and IN] is equal to the sum of the 
frequencies XTX and XRX, while for equations B it is 
equal to the difference, (XTX-XRX). The relative dif 
ferences in frequencies determine the lower limit of 
utility of the present invention. As the frequencies TX 
and INJ are brought closer together, the advantage of 
using a single high-stability crystal in oscillator 10 is lost 
in the necessity for increasing the selectivity of ?lter 30 
and injection ?lter 40 to select the desired frequencies. 
The lower limit of useful frequencies is of the order of 
100 MHz. In contrast, either the equations Aor B of 
Table 1 can readily be used in the frequency range 
above 800 MHz, giving the circuit designer an added 
measure of ?exibility. 
We claim: 
1. A method of producing a transmission signal and a 

local-oscillator signal in a transceiver comprising the 
steps of: 

(a) producing an input signal at a frequency that is 
maintained with relatively high stability; 

(b) producing an offset signal at a frequency that is 
maintained with relatively low stability; 

(c) mixing the input signal and the offset signal to 
produce a sum and difference signal, one of said 
sum and difference signal representing an injection 
signal and the other of said sum and difference 
signal representing the transmission signal; 

(d) selecting the transmission signal to transmit from 
a transmitter portion of the transceiver; and 

(e) selecting the injection signal to serve as the local 
oscillator signal for a receiver portion of the trans 
ceiver. 

2. The method of claim 1 wherein the step of produc 
ing an input signal comprises producing a modulated 
input signal. 

3. The method of claim 1 wherein the step of mixing 
comprises the step of applying the input signal and the 
offset signal to a mixer to produce an injection signal, 
the transmission signal and components of the input 
signal and the offset signal. 

4. The method of claim 1 wherein the step of mixing 
comprises the step of applying the input signal and the 
offset signal to a balanced mixer to produce an injection 
signal and the transmission signal and to suppress com 
ponents of the input signal and the offset signal. 

5. The method of claim 1 wherein the step of select 
ing the transmission signal comprises the steps of: 

(a) operating a switch in a desired path; and 
(b) ?ltering a signal in the desired path to select only 

desired components to control a transmitter to 
transmit. 

6. The method of claim 1 wherein the step of select 
ing the injection signal comprises the steps of: 

(a) operating a switch in a desired path; and 
(b) ?ltering a signal in the desired path to select only 

the injection signal to serve as the local-oscillator 
signal in the receiver portion. 

7. An apparatus for producing a transmission signal 
and a local-oscillator signal in a transceiver comprising: 

(a) means for producing an input signal at a frequency 
that is maintained with relatively high stability; 

(b) means for producing an offset signal at a fre 
quency that is maintained with relatively low sta 
bility; 

(c) means for mixing the input signal and the offset 
signal to produce a sum and difference signal, one 
of said sum and difference signal representing an 
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6 
injection signal and the other of said sum and dif 
ference signal representing the transmission signal; 
and 

(d) means for selecting the transmission signal to 
control a transmitter portion of said transceiver to 
transmit and the injection signal to serve as the 
local-oscillator signal for a receiver portion of the 
transceiver. 

8. The apparatus of claim 7 wherein the means for 
producing an input signal comprises means for produc 
ing a modulated input signal. 

_ 9. The apparatus of claim 7 wherein the means for 
mixing comprises a balanced mixer connected to the 
means for producing an input signal and to the means 
for producing an offset signal, the balanced mixer pro 
ducing an injection signal and the transmission signal 
and suppressing components of the input signal and the 
offset signal. 

10. The apparatus of claim 9 wherein the means for 
selecting the transmission signal comprises: 

(a) a switch connected to the balanced mixer to select 
v a ?rst desired path; and 
(b) a ?rst ?lter in the ?rst desired path connected to 

the balanced mixer to select only desired compo 
nents to control a transmitter to transmit. 

11. The apparatus of claim 10 wherein the means for 
selecting the injection signal comprises a second ?lter 
connected to the switch in a second desired path to 
select only the injection signal to serve as the local 
oscillator signal in the receiver portion. 

12. A circuit for determining a transmission fre 
quency and a local-oscillator injection frequency in a 
transceiver the circuit comprising: 

(a) a high-stability frequency determiner; 
(b) a low-stability offset frequency determiner; 
(c) a mixer connected to the frequency determiner 
and the offset determiner to receive and mix out 
puts of the high-stability frequency determiner and 
the offset frequency determiner to produce a sum 
and difference frequency signal; 

(d) a ?rst selector connected to the mixer to receive 
the outputs from the high-stability mixer and select 
therefrom one of said sum and difference frequency 
signal for transmission by the transceiver; and 

(e) a second selector connected to the mixer to re 
ceive the outputs from the mixer and select there 
from an injection frequency signal corresponding 
to the other of said sum and difference frequency 
signal to serve as a local-oscillator frequency for a 
receiver of the transceiver. 

13. The circuit of claim 12 wherein the high-stability 
frequency determiner comprises: 

(a) an oscillator controlled by a single high-stability 
crystal; and 

(b) a multiplier connected to the oscillator to produce 
a signal at a frequency that is an integral multiple of 
the frequency of the signal from the oscillator. 

14. The circuit of claim 13 comprising in addition: 
(a) a microphone responsive to sound to produce 

audio-frequency electrical signals; and 
(b) a modulator connected to the microphone and the 

high-stability oscillator and responsive to the au 
dio-frequency electrical signals to modulate the 
output of the high-stability oscillator. 

15. The circuit of claim 14 wherein the modulator is 
an instantaneous deviation controller. 

16. The circuit of claim 12 wherein the offset fre 
quency determiner comprises a crystal-controlled oscil 
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lator controlled by a crystal of relatively low precision 
in frequency. 

17. The apparatus of claim 12 wherein the offset fre 
quency determiner comprises: 

(a) an offset oscillator; 
(b) a transmission crystal; 
(c) a receiving crystal; 
(d) a push-to-talk (PTT) switch; and 
(e) a switching network connected to the transmis 

sion crystal, the receiving crystal, the offset oscilla 
tor, and the PTT switch to connect the transmis~ 
sion crystal to the offset oscillator in response to a 
signal from the PTT switch and to connect the 
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8 
receiving crystal to the offset oscillator in the ab 
sence of an indication from the PTT switch. 

18. The circuit of claim 17 wherein the ?rst selector 
comprises: 

(a) an injection switch connected to the offset mixer 
and the PTT switch and producing an output on a 
?rst line in response to a signal from the PTT 
switch; and 

(b) a ?rst bandpass ?lter connected to the line to 
receive and pass only a desired transmit signal. 

19. The circuit of claim 18 wherein the second selec 
tor comprises a second bandpass ?lter connected to the 
injection switch to receive and select a desired injection 
frequency when the PTT switch is not energized. 

- It ,3 * * * 
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